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© Protection arrangement for a telephone subscriber line interface ciruit 



© A telephone subscriber line (10) is connected to 
a SLIC (20) via contacts of an isolation relay (14). 
Line voltage on the line side of the relay contacts, 
and line current on the SLIC side of the relay con- 
tacts, are detected during opposite polarity half-cy- 
cles of an a.c. fault on the line, and the contacts are 
opened to protect the SLIC if the voltage and/or 
current is excessive. The interruption of current 
causes the line voltage to rise to maintain the pro- 
tection for the duration of a fault. 
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PROTECTION ARRANGEMENT FOR A TELEPHONE SUBSCRIBER LINE INTERFACE CIRCUIT 



This invention relates to a protection arrange- 
ment for a telephone subscriber line interface cir- 
cuit, referred to below as a SLIC. 

It is a well known requirement to protect a 
SLIC, which typically contains sensitive electronic 
components, from excessive voltages and currents 
which may occur on the line to which the SLIC is 
connected, for example due to power line crosses 
and induced alternating currents from power lines. 
It is desirable for the protection arrangement to 
provide full protection to the SLIC under all com- 
mon fault conditions, to accommodate various nor- 
mal operating conditions in which, for example, 
significant but not excessive currents are induced 
on the line, and to reset itself automatically when a 
fault condition is removed. In addition, because a 
protection arrangement is needed for each line, 
important commercial requirements are that it be of 
low cost and of small size. 

Many forms of protection arrangement have 
been proposed. For example, it has long been 
known to use so-called heat coil protectors, in 
which resistive heating coils are connected in se- 
ries in the subscriber line wires and an excessive 
current produces heating to melt a fusible link and 
thereby protect the SLIC connected to the line. 
Such protectors have disadvantages in that they 
add to the resistance in series with the subscriber 
fine, they can not reset themselves after a fault but 
instead must be manually replaced, and they are 
slow to respond to faults so that battery feed resis- 
tors, also connected in series with the subscriber 
line wires, may have to dissipate a substantial 
amount of power in the event of a fault. 

In order to overcome some of these disadvan- 
tages, Jakab U.S. Patent No. 4,467,310 issued Au- 
gust 21, 1984 and entitled "Telephone Subscriber 
Line Battery Feed Resistor Arrangements" de- 
scribes an arrangement in which a switching type 
PTC thermistor is connected in series with and 
forms part of a battery feed resistor with which it is 
in close thermal contact. Whilst such an arrange- 
ment is effective, it has a relatively high cost be- 
cause it requires the use of closely matched ther- 
mistors in order to provide the necessary very 
close matching of resistances in the subscriber line 
wires. 

Other known protection arrangements, involving 
for example the use of fusible solder bridges, or 
triggerable thyristors, involve other combinations of 
disadvantages such as those outlined above, the 
need for additional components, involving extra 
cost, or being subject to undesired triggering for 
example due to spurious and transient subscriber 
line voltages and currents. 



To overcome many of these disadvantages, in 
Hung et al. Canadian patent application No. - 
484,398 filed June 1 8, 1 985 and entitled 
"Protection Arrangement for a Telephone Subscrib- 

5 er Line Interface Circuit" there is described a pro- 
tection arrangement in which the contacts of an 
isolation relay, already provided for the purpose of 
isolating the SLIC from the subscriber line, are 
positioned between the battery feed resistors and 

io the remainder of the SLIC, the isolation relay being 
controlled via a sensing circuit to open these con- 
tacts in the event of an excessive common mode 
alternating current passing through the feed resis- 
tors, the sensing circuit thereafter responding to 

is subscriber line voltage for continued control of the 
isolation relay. Such an arrangement, however, has 
certain disadvantages in that the thresholds for 
protection from excessive currents and excessive 
voltages are not sufficiently independent of one 

20 another or of the nature of the fault (e.g. whether a 
fault condition applies to both wires or only one 
wire of the subscriber line), there is a risk of 
chattering of the isolation relay under some fault 
conditions, and there is a risk of a latched condition 

25 arising following operation of the isolation relay for 
conventional purposes. 

Accordingly, an object of this invention is to 
provide an improved protection arrangement for a 
SLIC. 

30 According to this invention there is provided a 

protection arrangement for a telephone subscriber 
line interface circuit connected to a telephone sub- 
scriber line, comprising: switching means; voltage 
sensing means: current sensing means; means for 

35 coupling the voltage sensing means to the line and 
for coupling the current sensing means to the line 
via the switching means, whereby the voltage sens- 
ing means is responsive to voltage on the line and 
the current sensing means is responsive, when the 

40 switching means is closed, to current on the line; 
and control means for closing the switching means 
in normal operation and for opening the switching 
means in response to an excessive voltage on the 
line determined by the voltage sensing means 

45 and/or an excessive current on the line determined 
by the current sensing means. 

The invention is based on the recognition that 
either an excessive voltage or an excessive cur- 
rent, or both, may occur on the line and present a 

so need for protection. This protection is provided by 
the opening of the switching means, but this inter- 
rupts the current. As a result of the interruption, 
and in particular the disconnection of the relatively 
low terminating impedance of the line typically 
provided by d.c. feed resistors of the SLIC. a 
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relatively high impedance is presented to the SLIC 
end of the line so that voltage on the line due to a 
fault may rise sufficiently that it becomes an exces- 
sive voltage even if it was not excessive before the 
current interruption. Sensing of the voltage on the 
line continues after opening of the switching 
means, the excessive voltage then maintaining an 
open state of the switching means so that chatter- 
ing is avoided. 

Preferably the voltage and current sensing 
means comprise means for producing a voltage 
dependent upon the voltage and current, respec- 
tively, on the line, and the control means com- 
prises integrating means responsive to the voltages 
and comparison means responsive to an output of 
the integrating means exceeding a predetermined 
threshold for opening the switching means. Conve- 
niently the integrating means comprises a capacitor 
and the comparison means comprises a trigger 
circuit responsive to a voltage to which the capaci- 
tor is charged, and the control means comprises 
means for charging the capacitor when the voltage 
produced by the current sensing means exceeds a 
reference voltage. 

Advantageously the switching means com- 
prises contacts of an isolation relay which is typi- 
cally already provided for the telephone subscriber 
line, and the control means is responsive to an 
isolation control signal for opening the switching 
means and discharging the capacitor. The di- 
scharging of the capacitor avoids a locked-up state 
occurring when the isolation control signal is re- 
moved, in the event that excessive voltages are 
present on the line while it is not properly termi- 
nated due to the open relay contacts. Such exces- 
sive voltages may be acceptable if, for example, 
they are due to induction from a power line and 
result in only a small, not excessive, line current 
when the relay contacts are closed and the line is 
properly terminated. 

Similarly, the control means is preferably re- 
sponsive to a ringing control signal for discharging 
the capacitor, to prevent high ringing voltages on 
the line from causing the switching means to be 
opened. 

In a preferred embodiment of the invention, the 
voltage sensing means is responsive to only one 
polarity of voltage on the line and the current 
sensing means is responsive, when the switching 
means is closed, to only one polarity of current on 
the line, said one polarity of current corresponding 
to a voltage on the line of polarity opposite to said 
one polarity of voltage. This provides for simplicity 
and low cost in the design of the voltage and 
current sensing means, but ensures a prompt 
(within half a cycle of an ax. waveform) opening of 
the switching means in the event that a major fault 
on the line causes both an excessive voltage and 



an excessive current. 

The invention also extends to a method of 
protecting a telephone subscriber line interface cir- 
cuit (SLIC) from excessive voltage and/or current 

s on a telephone subscriber line to which the SLIC is 
connected, comprising the steps of: providing 
switching means between the SLIC and the line, 
the switching means being closed in normal opera- 
tion to connect the SLIC to the line; sensing current 

io on the line on the SLIC side of the switching 
means; sensing voltage on the line on the line side 
of the switching means; and opening the switching 
means in response to an excessive sensed current 
and/or voltage. 

is The invention will be further understood from 

the following description with reference to the ac- 
companying drawings, in which: 

Fig. 1 is a general functional block diagram 
of a SLIC and protection arrangement in accor- 

20 dance with an embodiment of the invention; and 

Fig. 2 is a circuit diagram schematically illus- 
trating the arrangement of Fig. 1 in greater detail. 

Referring to Fig. 1, a SLIC and protection ar- 
rangement is illustrated coupled to a 2-wire teie- 

25 phone subscriber line 10 comprising tip and ring 
wires T and R respectively. A current sensing 
circuit 12 is coupled to two closely matched battery 
feed resistors of the SLIC, which are coupled in 
series with the tip and ring wires via the contacts of 

30 an isolation relay 14. The isolation relay is conven- 
tionally provided for cut-over purposes, and to iso- 
late the SLIC from the line 10 for example for 
testing purposes, in each case being controlled by 
software of a telephone switch to which the line 10 

35 is connected via the SLIC. In addition, in accor- 
dance with this invention the relay 14 is also con- 
trolled by a control circuit 16 in dependence upon 
line currents, sensed by the current sensing circuit 
12, on the SLIC side of the relay contacts, and in 

40 dependence upon line voltages, sensed by a volt- 
age sensing circuit 18, on the line side of the relay 
contacts. The remaining parts of the SLIC, which 
can be of known form and with which the present 
invention is not concerned, are represented in Fig. 

45 1 by a block 20. 

Referring to Fig. 2, in which the line 10 and the 
components 12 to 18 are generally indicated by 
the same references as in Fig. 1, the protection 
arrangement and its operation will now be de- 

so scribed in greater detail. 

The current sensing circuit 12 in Fig. 2 com- 
prises cross-connected potential dividers formed 
by resistors 24 coupled to the closely matched 
feed resistors 22, and a current summing d.c. am- 

55 plifier, comprising an operational amplifier 26, input 
resistors 28, and feedback resistors 29, having an 
output line 30 on which there is produced a voltage 
representative of current through the feed resistors 
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22. The arrangement of the resistors 24 is known 
for example from Rosenbaum et al. United States 
Patent No. 4,514,595 issued April 30. 1985 and 
entitled "Active Impedance Line Feed Circuit". 

The feed resistors 22 are coupled to the tip 5 
and ring wires T and R of the line 10 via the 
contacts 32 of the isolation relay 14, which also 
comprises a relay coil 34. 

The voltage sensing circuit 18 comprises two 
diodes 36, each connected between a respective w 
one of the tip and ring wires T and R and a 
junction point 38 and poled to be normally reverse 
biassed by the d.c. which is conventionally applied 
to the telephone subscriber line 10, a potential 
divider comprising resistors 40 and 42 connected is 
between the junction point 38 and ground, and an 
optional resistor 44 and a diode 46 connected in 
series between the tapping point of the potential 
divider and an output line 48 of the voltage' sensing 
circuit. 20 

The control circuit 16 comprises a capacitor 
50, a voltage comparator 52. a controlled current 
source 54, a current sink 56, a Schmitt trigger 
circuit 58, an NPN buffer transistor 60, and NPN 
transistors 62, 64, 66, 68, and 70 each including a 25 
current-limiting resistor (not referenced for the sake 
of clarity) in series with its base. In addition, the 
control circuit 16 includes input terminals 72 and 
74 for control signals Ci and Rl respectively which 
are discussed further below. Components to the 30 
right of a broken line A-B shown in Fig. 2 may be 
conveniently provided with other parts of the SLIC, 
not shown in Fig. 2, in one or more integrated 
circuit devices. 

The capacitor 50 is connected between the line 35 
48 and ground, whereby it can be charged via the 
optional resistor 44 (which provides an increased 
charging time constant if desired) and the diode 46 
from the potential divider of the voltage sensing 
circuit 18 during a positive half-cycle of an a.c. 40 
potential (or in the presence of a positive d.c. 
potential) on either or both wires of the subscriber 
line 10. The comparator 52 has an inverting input 
connected to the output line 30 of the current 
sensing circuit 12, a non-inverting input connected 45 
to a reference voltage VREF, and an output which 
controls the current source 54. During a negative 
half cycle of an alternating current passing through 
either or both of the feed resistors 22, if the peak 
current is sufficiently high that an overcurrent 50 
threshold established by the reference voltage 
VREF is crossed by the voltage on the output line 
30 of the current sensing circuit, then the compara- 
tor 52 turns on the current source 54 to supply a 
constant current IC to the line 48 and hence to 55 
charge the capacitor 50. 

The current sink 56 is connected between the 
line 48 and ground and passes a constant current 



ID to provide a slow discharge path for the capaci- 
tor 50. The line 48 is also connected to the input of 
the Schmitt trigger circuit 58, which is triggered in 
the event that the capacitor 50 is charged to a 
predetermined trigger voltage, thereby energizing „ 
the isolation relay coil 34, to open the contacts 32, 
via the buffer transistor 60 and the transistor 62 
which acts as an isolation relay driver. When the 
capacitor 50 has discharged to a lower threshold 
voltage, via the components 58, 60, and 62 the 
isolation relay coil 34 is de-energized and the con- 
tacts 32 are closed. 

For software control of the isolation relay, the 
control signal CI can be applied to the terminal 72, 
rendering the transistors 64 and 66 coupled to this 
terminal conductive. The transistor 66 turns on the 
isolation relay driver transistor 62 to energize the 
isolation relay coil 34 as described above, and the 
transistor 64 discharges the capacitor 50. The di- 
scharging of the capacitor 50 inhibits operation of 
the protection arrangement while the control signal 
CI is present and hence in the presence of high 
induced voltages which may occur on the line 10 in 
the absence of a proper line termination via the 
SLIC. This inhibition avoids a latched condition, in 
which the relay coil 34 would remain energized, 
when the control signal CI is terminated. 

In a similar manner, the transistor 68 is turned 
on, to discharge the capacitor 50, by the control 
signal Rl, which is applied to the terminal 74 to 
energize a ringing relay driver (not shown) to apply 
ringing voltages to the line 10. The ringing voltages 
could otherwise themselves cause the capacitor 50 
to be charged sufficiently to trigger the Schmitt 
trigger circuit 58. In the event that the protection 
arrangement has already been triggered, then the 
transistor 70 is turned on to clamp the terminal 74 
to ground, so that the ringing relay can not be 
energized in the presence of, and hence ringing 
equipment can not be damaged by, excessive vol- 
tages on the line 10. 

From the above description, it should be ap- 
preciated that an excessive voltage and/or current 
on the line 10 results in charging of the capacitor - 
50, triggering of the circuit 58, and consequent 
opening of the contacts 32 thereby to protect the 
SLIC from the excessive voltage or current. For 
example, in the presence of an excessive alternat- 
ing current on the line, during a negative half cycle 
the current source 54 is turned on, the capacitor 50 
is charged, and the circuit 58 triggered to open the 
contacts 32 thereby interrupting the current. The 
opening of the contacts 32 removes the relatively 
low impedance termination of the line by the SLIC 
(the voltage sensing circuit potential divider has a 
high impedance), so that the line voltage rises and 
the charged state of the capacitor 50 is maintained 
during positive half cycles via the voltage sensing 
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circuit. The threshold levels provided by the refer- 
ence voltage VREF and the Schmitt trigger circuit 
58, the division ratio of the potential divider in the 
voltage sensing circuit, and the rates of charging 
and discharging the capacitor 50 via the compo- 
nents 46, 54, and 56 can all be independently 
determined to provide for desired operating char- 
acteristics. In particular, the capacitor 50 may be 
conveniently charged with a time constant of about 
3ms and discharged with a time constant of about 
200ms to avoid chattering of the isolation relay at 
the frequency of the excessive current or voltage. 

In the presence of an excessive alternating 
voltage, without an excessive current, on the line 
10 the capacitor 50 is charged via the diode 46 
during positive half cycles, whereby the isolation 
relay contacts 32 are opened as described above. 
In the event of a major fault condition, simulta- 
neously causing both excessive alternating voltage 
and current on the line 10, the capacitor 50 will be 
charged, and the contacts 32 opened, via the diode 
46 or the current source 54 within one half cycle, 
whereby rapid protection is achieved. 

Although a particular embodiment of the inven- 
tion has been described above, it should be appre- 
ciated that many changes may be made therein. 
For example, different forms of current and voltage 
sensing and trigger circuits may be used, and the 
capacitor 50 may be replaced by a different form 
of integrator or time delay circuit. In addition, the 
clamping transistors 64 and 68 may be replaced by 
constant current sinks, and if desired a zero cross- 
ing predictor could be provided, in the manner 
described in the Hung et af. application referred to 
above, in order to avoid any possibility of arcing at 
the relay contacts. Furthermore, although the use 
of the already-provided isolation relay is preferred, 
if desired a separate relay may instead be provided 
for the protection purposes as described above. 

Numerous other modifications, variations, and 
adaptations may be made to the described em- 
bodiment without departing from the scope of this 
invention as defined in the claims. 



Claims 

1. A protection arrangement for a telephone 
subscriber line interface circuit connected to a tele- 
phone subscriber line, comprising: 

switching means; 

voltage sensing means; 

current sensing means; 

means for coupling the voltage sensing means 
to the line and for coupling the current sensing 
means to the line via the switching means, where- 
by the voltage sensing means is responsive to 
voltage on the line and the current sensing means 



is responsive, when the switching means is closed, 
to current on the line: and 

control means for closing the switching means 
in normal operation and for opening the switching 
5 means in response to an excessive voltage on^the 
line determined by the voltage sensing means 
and/or an excessive current on the line determined 
by the current sensing means. 

2. An arrangement as claimed in claim 1 
w wherein the voltage and current sensing means 

comprise means for producing a voltage dependent 
upon the voltage and current, respectively, on the 
line, and the control means comprises integrating 
means responsive to the voltages and comparison 
15 means responsive to an output of the integrating 
means exceeding a predetermined threshold for 
opening the switching means. 

3. An arrangement as claimed in claim 2 
wherein the integrating means comprises a capaci- 

20 tor and the comparison means comprises a trigger 
circuit responsive to a voltage to which the capaci- 
tor is charged. 

4. An arrangement as claimed in claim 3 
wherein the control means comprises means for 

25 charging the capacitor when the voltage produced 
by the current sensing means exceeds a reference 
voltage. 

5. An arrangement as claimed in claim 3 or 4 
wherein the control means is responsive to a ring- 

30 ing control signal for discharging the capacitor. 

6. An arrangement as claimed in any of claims 
1 to 5 wherein the switching means comprises 
contacts of an isolation relay for the telephone 
subscriber line, and the control means is respon- 
ds sive to an isolation control signal for opening the 

switching means and discharging the capacitor. 

7. An arrangement as claimed in any of claims 
1 to 6 wherein the voitage sensing means is re- 
sponsive to only one polarity of voltage on the line 

40 and the current sensing means is responsive, when 
the switching means is closed, to only one polarity 
of current on the line, said one polarity of current 
corresponding to a voltage on the line of polarity 
opposite to said one polarity of voltage. 

45 8. A method of protecting a telephone sub- 

scriber line interface circuit (SLIC) from excessive 
voltage and/or current on a telephone subscriber 
line to which the SLIC is connected, comprising the 
steps of: 

so providing switching means between the SLIC 

and the line, the switching means being closed in 
normal operation to connect the SLIC to the line: 

sensing current on the line on the SLIC side of 
the switching means; 
55 sensing voltage on the line on the line side of 

the switching means; and 

opening the switching means in response to 
an excessive sensed current and/or voltage. 
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9. A method as claimed in claim 8 wherein 
current of only a first polarity and voltage of only a 
second polarity, opposite to the first polarity, are 
sensed. 
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